Results:
All specimens showed no significant findings such as damage to the architecture of the dermis, acute inflammation, edema or evidence of hemorrhage. Focal blood vessel ectasia within the dermis was identified in three of nine subjects.
Conclusions:
Our findings do not yield a histological basis supporting the routine trimming of incisions during MIT. Although no significant findings were noted histologically, further studies are warranted to investigate the long-term cosmetic outcome of MIT incisions.
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Background
The minimally-invasive thyroidectomy (MIT) breaks from the traditional Kocher incision of 8 to 10 cm in length to an incision of less than 4 cm [1] . The utilization of smaller incisions during MIT often requires excessive retraction to gain adequate exposure to the thyroid. This often results in damage to the skin edges and the risk of hypertrophic scarring.
Hypertrophic scarring results from alterations in the normal process of healing [2] . With excessive retraction, damaged edges of incisions result in an increased inflammatory state which inhibits the normal process of healing [3] . A commonly described technique of avoid the risk of hypertrophic scarring after MIT is the routine trimming of the incision edges prior to skin closure [4] . Despite the wide acceptance of this technique, there are no studies in the literature that address its validity. The goal of this study was to investigate any alterations in the histological architecture of incisions after the MIT procedure.
Material and Methods

Subjects
This study was approved for investigation by the institutional review board (IRB) at our institution. Patients undergoing the MIT procedure between May, 2008 and October, 2008 were asked to participate in the study. Ten subjects gave consent to participate. A database was constructed listing information for each subject, including incision length, operative findings, pathology and post-operative course.
MIT procedure
The patient is marked in the pre-operative area in an upright position. A midline incision measuring less than 4 cm was drawn 2 cm above the clavicles in a naturally existing skin crease. The patient was intubated with a NIM-Response nerve integrity monitoring system tube (Medtronic USA, Inc., Jacksonville, FL, USA) and verified in position with direct laryngoscopy. Nerve monitoring was employed in all procedures.
An incision was made and carried below the platysma muscle. Dissection proceeded to the thyroid isthmus which was subsequently divided. The thyroid lobe was then mobilized from the underlying strap muscles. The superior pole was dissected and freed from the superior vessels. The recurrent laryngeal nerve (RLN) was visualized superiorly and traced along its course below the thyroid lobe. Once the thyroid lobe was separated from the RLN, Barry's ligament was divided and the lobe was removed.
The hemostasis was assured and, if no excessive bleeding was encountered during the procedure, the incision was closed through the platysma layer without a drain. Prior to closing the skin, 2mm of the incision edge was trimmed and sent off for examination. The freshened skin edges were closed with interrupted 6-0 nylon sutures.
Histological analysis
The incision specimens were fixed in a 10% formalin solution and underwent hematoxylin and eosin (H+E) staining.
The specimens were then evaluated by a pathologist (BJO), blinded to the procedure or intra-operative findings. Any instances of architecture disruption, evidence of ischemia, crush artifact, or other pertinent findings were recorded.
results
Subjects
A total of ten subjects were enrolled in this study. One subject was excluded from the study as records were not available for follow-up, leaving a total of nine subjects for analysis. All subjects were female with an average age of 43 years (range 20-66 years). None had prior surgery to the cervical area. The distribution of pathology is shown in Table 1 .
MIT procedure
Six subjects underwent total thyroidectomy and three had a lobectomy performed. The average incision length was 3.5 cm (range 2.75-4 cm). The average diameter of the largest nodule of the specimen removed was 1.08 cm (range 0.4-2.0 cm). The average volume of the each lobe was 32.96 mL (range 5.4-120 mL). There were no intra-operative complications. Prior to the excision, the incision edges were noted to show gross signs of minor retraction damage. These were excised and sent for histologic analysis. Postoperatively, all incisions healed well with the exception of one subject who had mild hypertrophic scarring that was treated conservatively (Figure 1 ).
Thyroid incisions
Of the nine incision trimmings evaluated by H+E staining, none exhibited signs of architecture disruption, mechanical damage or histological evidence of ischemia ( Figure 2 ). There was an incidental finding of solar elastosis in two specimens (Table 2) .
discussion
Minimally-invasive techniques have been described for the treatment of thyroid and parathyroid diseases [3] . These include the use of the open minimally-invasive (MIT) thyroidectomy, the minimally-invasive video-assisted thyroidectomy (MIVAT), and the extra-cervical approaches (mammary, anterior chest, and axillary) [4] [5] [6] . Wilhelm and Metzig have recently reported their first experience with transoral, endoscopic thyroidectomy [7] . While their initial report is hopeful, this technique is not widely practiced and limited by the resources necessary to undertake this approach 
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which are currently only found in academic centers. More cases need to be reported before this technique becomes commonplace. Furthermore, both the extra-cervical and transoral approaches paradoxically involve more dissection than one might think of when labeling an approach as minimally-invasive. While the traditional Kocher incision provides excellent exposure, smaller incisions have led to decreased post-operative pain and better cosmetic outcomes without an increase in complications [8, 9] . Conversely, O'Connel, et al., reported no difference in subjective or objective cosmetic outcomes when comparing conventional and minimally-invasive incisions [10] . However, there was a statistically significant improvement in overall patient satisfaction for those receiving smaller incisions.
Hypertrophic scarring results from alterations in the normal process of healing. Persistent inflammation and excessive deposition of fibroblast-derived extracellular matrix proteins occurs. The wound fails to undergo remodeling resulting in a raised, red and rigid scar [2] . Due to the limited access afforded by the MIT procedure, significant retraction is required to dissect the most superior and inferior extent of the thyroid gland. Increased trauma leads to increased postoperative inflammation, both of which can lead to disruptions in wound healing [2] . The current practice of trimming damaged incision edges is aimed to approximate fresh wound edges, reducing the risk of hypertrophic scarring.
In our study, we were unable to find any histological changes in incision edges. However, our results do not disprove the selective use of incision trimming during MIT. Evidence of inflammation does not become apparent until approximately 24-48 hours after trauma [11] . One would expect an increased infiltration of inflammatory cells within the wound to suggest increased inflammation. Due to the immediate fixation of our specimens these findings could not have been noted. 
Subject Findings
A B conclusions
Despite this limitation, our preliminary study does show that physical damage to the incision edges does not occur during MIT. It is possible that that subsequent inflammation resulting from excessive retraction, and not physical trauma, could be the main factor in the risk of hypertrophic scarring. Nevertheless, trimming incision edges does not confer any increased morbidity to the procedure and does provide the approximation of fresh tissue edges for optimal cosmetic outcome. Further long-term, comparison studies are warranted, however, to further investigate the necessity of this procedure during MIT.
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